Myocardial Gap Junctions
Because cardiac muscle is composed of discrete myocytes, electrical activation of the entire heart depends on rapid and highly regulated dispersion of current from one cell to another. Transfer of current occurs at gap junctions, specialized regions of densely packed intramembranous particles that traverse the membranes of adjacent cells and join in the extracellular gap to form an aqueous pore, thereby providing continuity of the cytoplasm of coupled cells12'13 ( Figure 1 ). Rapid transfer of current required for efficient activation of the mammalian heart is facilitated by unusually large gap junctions located within the intercalated disk regions. The equal distances in a direction parallel to the longitudinal fiber axis. In fact, myocyte size and shape, the threedimensional packing geometry of myocytes in the ventricle, and the number and distribution of myocyte gap junctions are key structural determinants of anisotropic conduction in normal myocardium.
Connexin Family of Gap Junction Channel Proteins
Gap junctions are distributed widely in parenchymal and interstitial cells of most tissues. 16 The protein subunits constituting their channels, connexins, are encoded by members of a gene family.'6 The connexins characterized to date have four membrane-spanning domains and two extracellular loops with highly conserved sequences (Figure 2 (Figure 3) . This arrangement appears consistently in regions identified by electrophysiological mapping to exhibit slow conduction and complex fractionated electrograms,'0,24 particularly in response to premature stimuli sufficient to elicit ventricular tachycardia. 25 Quantitative assessment of intercellular connections in regions with this "anatomic substrate" in zones bordering healed infarcts in canine hearts indicates how the structural alterations may produce electrophysiological derangements leading to reentrant arrhythmias. The peri-infarct myocytes separated by interspersed bundles of collagen have been shown by ultrastructural morphometry to be connected to one another by fewer and shorter gap junctions than those seen typically with normal cells.'5 Accordingly, the average number of cells connected to an individual myocyte is reduced markedly with a reduction in intercellular connections that is distributed anisotropically. The junctions connecting cells in a side-to-side configuration are the ones most frequently and most severely disrupted.
The anticipated pathophysiological consequences of such structural alterations are confirmed by observations in hearts of laboratory animals and patients. With normal sinus rhythm, wave front velocity through border zone regions often is essentially normal,25,26 particularly when the wave fronts are moving in a direction parallel to the longitudinal axis of the myocytes. Longitudinal propagation occurs rapidly because end-to-end connections are relatively well preserved. However, as ventricular tachycardia is induced, wave fronts typically propagate through the same regions in a direction transverse to the longitudinal axis of the myocytes. 25, 26 Propagation in the transverse direction is impaired because the side-to-side connections are so markedly disrupted.15 Accordingly, propagation transverse to the longitudinal fiber axis is the dominant direction in which conduction block is exhibited, a critical factor in the initiation of a reentrant circuit. 
